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Abstract 
The analysis of industrial transalkylation reactor revealed regularities of catalyst activity and stability changes during its 
operation at change of basic technological parameters. A result of experimental data analysis, a list of possible reactions of 
transalkylation stage of ethylbenzene manufacturing zeolite-catalyst technology was developed. Values of Gibbs energies for 
change targets and adverse reactions, which were calculated with use of quantum chemistry methods, confirmed their 
thermodynamic probability at process conditions. The calculation results formed the basis of transalkylation process reaction 
network, needed to develop a mathematical model of ethylbenzene manufacturing zeolite-catalyst industrial technology. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The process of production of ethylbenzene (EB) is an important link in modern petrochemical synthesis. More than 
90% of EB produced is recycled to styrene, one of the most important chemical products, about 65% of which is 
used for production of polystyrene, which is widely used in automotive industry, electrical engineering and 
construction industry, electrical engineering, in the manufacture of household products and packaging, as well as 
during the coproduction of propylene oxide and styrene [1]. 
Currently, there is a trend for existing plants to use modern solid alkylation zeolite catalysts. That is why the 
problem of existing plants efficiency enhancing is urgent [1-5]. 
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Zeolite catalysts for the process of benzene alkylation and di- and polyalkylbenzenes (PEB) transalkylation were 
first developed in mid 60-ies of the last century. 
To date, several large companies such as Mobil, UOP / Lummus, Polimeri Europa, CDTECH and others, develop 
and implement ethylbenzene manufacturing processes. 
In order to optimize and increase the process efficiency, mathematical modeling method is widely used. It not 
only saves time and money for testing, but also has a high parameter sensitivity [6-13]. A mathematical model of 
industrial reactor process, to be predictive, should consider physical and chemical laws. When modeling it is 
necessary to use data from existing industrial installations, which will provide a high value for the model. 
The aim of this work was to develop transalkylation process reaction network needed to develop a mathematical 
model of ethylbenzene manufacturing zeolite-catalyst technology, on the basis of industrial reactor analysis and in 
combination with quantum-chemical modeling method of. 
2. Study object 
The object of research is transalkylation reactor of ethylbenzene manufacturing plant by EBMax technology [14]. 
3. Methods 
Studies are based on system analysis strategy. The chemical-technological system for ethylbenzene production 
was decomposed into hierarchical stages. We determined the links between the levels: molecular level (the 
mechanism of catalytic reactions), physical and chemical processes in the devices, the links of processes and devices 
in the whole chemical-technological system. The main methods of system analysis strategies are mathematical 
modeling and quantum chemistry methods for calculation of thermodynamic characteristics of transition states of 
matter (density functional theory). For numerical investigation of catalytic process we used DFT method based on 
density functional theory (DFT-Density Functional Theory), which consideres the effect of electron correlation [15-
17]. The method is implemented in Gaussian-98 application. 
We used statistical methods to assess the model calculations accuracy and analysis of transalkylation reactor 
monitoring data during its operating period since 2013 to 2015. 
4. Experimental 
Polyethylbenzenes (PEB) are mainly diethylbenzene (DEB), and triethylbenzene, witch can be transformed into 
through transalkylation. This transalkylation reaction occurs in the liquid phase. Transalkylation reactor comprises a 
fixed bed EBMax transalkylation catalyst layer supported on alumina balls. Reactants enter the bottom of the reactor 
(Fig. 1). The process conditions are about 200 °C and 3.4 MPa. 
 
Fig. 1. Transalkylation reactor scheme. 
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The raw material entering the transalkylation reactor is a mixture of benzene and PEB recycle. The reactor 
operates at benzene/ PEB weight ratio equal to 2.0. PEB recycle and benzene are mixed and heated by the heat of 
alkylation reactor effluent into recuperative heat exchanger. 
During single transalkylation cycle about 60% of PEB is converted into EB. The transalkylation reactor effluent 
is fed to benzene separation column. 
Fig. 1 shows a graph of raw benzene and PEB flows. According to this, the amount of flow rates at the entrance 
to reactor is unstable during the considered period. However, there is a tendency to decrease benzene and increase in 
the PEB flow glow rate. This consequently lowers benzene/PEB mass ratio. 
 
Fig. 2. Benzene and PEB flow rates to transalkylation reactor. 
Fig. 3 shows the curve of average temperature changes at the entrance to transalkylation reactor. Since reactor 
operates with a minimum temperature difference (close to isothermal mode), this curve represents the 
transalkylation process temperature conditions in each interval considered. It is worth noting that in direct 
proportion during a portion of time, the temperature profile of the curve follows the curve of total raw materials 
consumption, increasing and decreasing proportionally. 
 
Fig. 3. Averaged reactor loading. 
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5. Results and discussion 
As a result of research, the following groups of pseudo-components were allocated for development process 
reaction network: 
1) The paraffins fraction (ethane, ethylene, propane, butane, pentane). Thermodynamic calculations confirmed 
that this fraction is formed by cracking of C6, C7 and buthylbenzene (BB) hydrocarbons with parallel 
saturation with hydrogen formed by condensation and cyclization reactions. 
2) C6, C7 paraffins fraction, represented with cyclohexane and methyl cyclopentane, which are formed in the 
monomers oligomerization reactions followed by oligomers cyclization. C7 paraffins consist of 
dimethylcyclopentyl methylcyclohexane and are also formed in the oligomerization reaction with 
subsequent cyclization monomer oligomers. 
3) Individual hydrocarbons - EB, benzene, diethylbenzene (DEB), triethylbenzene (TEB), buthylbenzene 
(BB); 
4) Heavy hydrocarbon fraction which is produced in cyclization and dehydrogenation reactions, long chain 
alkylaromatics - products of C6, C7 paraffins cracking and subsequent alkylation of benzene with long 
chain olefins. 1.2-diphenylethane - intermediate of transalkylation process and its conversion products by 
SN2 mechanism – were also included in this fraction. Tetra-alkyl aromatic hydrocarbons and alkylbenzenes 
are formed in small quantities.  
 
 
Fig. 4. Reaction network of transalkylation process. 
Tab. 1 provides a list of reactions occurring in transalkylation reactor. Here thermodynamic characteristics of 
reactions, with involvement of certain quantum chemistry methods are presented. 
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Table 1. Thermodynamic characteristics of process responses (T = 200 °C, P = 3.4 MPa). 
№ Reaction ΔH, kJ/mole ΔS, kJ/(mole ∙K) ΔG , kJ/mole 
1 С6Н4(С2Н5)2 +С6Н6→2 C6H5CH2CH3 -11.65 0.013 -18.01 
2 C6H5CH2CH3 +С2Н4 → С6Н4(С2Н5)2 -93.75 0.141 -27.20 
3 2 С6Н4(С2Н5)2→ С6Н3(С2Н5)3+ C6H5CH2CH3 -22.55 0.028 -36.01 
4 С2Н4(С6Н5)2 →C6H5CH2CH3+С6Н6 -54.01 0.041 -73.58 
5 С2Н4 + С6Н6 → C6H5CH2CH3 -105.40 0.127 -45.21 
6 С6Н4(С2Н5)2 + C6H5CH2CH3→ С6Н3(С2Н5)3+ С6Н6 -10.90 0.015 -18.00 
7 С͸НͷСͶНͻ→С͸Н͸+СͶН8 -91.80 163.56 -12.80 
8 С6Н5С4Н9→ C6H5CH2CH3+С2Н4 70.15 161.91 -8.05 
9 С4Н8+Н2 → С4Н10 -136.87 0.106 -86.72 
 
The values of calculated changes of Gibbs energy values showed that all reaction are thermodynamically possible 
under process conditions in industry, and most of them are reversible. The calculation results formed the basis for 
the development of mathematical model of ethylbenzene manufacturing zeolite-catalyst industrial technology 
Based on the assumptions that target reaction is quasi-homogeneous and that plug flow model is applicable, it can 
be described by following expression: 
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Here k1 – reaction rate constant, Ke1 – equilibrium constant. 
The kinetic parameters of the model according to the proposed reaction network were determined by solving the 
inverse kinetic problem with use of zeolite-catalyst transalkylation process experimental data. 
Equilibrium constant under this process conditions is Ke1 =48.34, reaction rate constant k=0.773 h2/(kmole2m6). 
Accuracy of model calculations of main transalkylation reactor parameters (concentration of target and by-
products, selectivity, conversion) does not exceed 10%, which is comparable with the experimental methods of their 
determination. 
6. Conclusions 
As a result of research, list of possible reactions of transalkylation stage of technology of ethylbenzene 
manufacturing zeolite-catalyst industrial technology was developed. Using quantum chemistry methods we 
determined changes of Gibbs energy values for targets and adverse reactions, confirming their thermodynamic 
probability under the industrial process conditions. The calculation results formed the basis for transalkylation 
process network needed to develop a mathematical model. 
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